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Description 
TECHNICAL FIELD 



) 



5 



,000,, T^en,^*™^^ 

pability, and a method of producing the same. 
BACKGROUND ART 

[00 0 2] As materials having the capacity to XttgZZ SSS 

carbon, granular activated ^.^^V^^^^^o^ apparatus, decoloration appa- 
materials for various batteries, various ^^^^ip^ by activating a carbon material mainly made 

r sstjs ^^s^i^^ — ° f steOT or in the presence of z,nc 

[0003] These fine pores are generally referred to » mesopores when the pore diameter is within 
Micropores when the pore diameter is within n m or larger. 

a range from 2.0 to 50 nm, and macropores when the .pore although activated carbon including 

[0004] According to a conventional method of prepanng ^ 

micropores having apore diameter within a rangefr diameter within a range from 2.0 to 50 nm 
Ln 0 P 7 nm developed therein are ^^^^^^ZS^ total volume of pores. Such an activated 
is insufficient and the volume of meso P oreS n ^° U " Jf^Uinw to adsorb molecules having a size smaller than 2.0 
carbon has a large specific surface area ^ exceUent capab.^ » an£j gn jnorganic compound , which are 

s ~- - — - — ■ are formed lhrou9h 

t is desirable to prepare an activated ^^^^JT^n obtained in the mesoscopic pore range, 
size distribution that is specific in a particular range of pore sizes _ na transition me tal compounds and has a 

0006] Although such an activated ^J^^S^S^^ and electrode materials having large 
cata.ytic action to decompose a materia. ^^^^SSL^ metal having pore size distrtoution that . 
capacitance have been reported, no f^^. ^° 0 ^3^* esoecopic pore range, as described above. Also 
specific in a particular range of pore ^^^^^^^ ortransition metal compounds by adsorption 
because the activated carbon is .^^12 ^2 carbon has been prepared, in case the actuated 
ofthetransition metals ^^^^^^Z^^Le material, for example, there is such a problem 
carbon H ^^^^^^^^^^ ** ^ ^ "* 

much attention with the development of the electronics .ndustry. ^ turther an£j lop 

"instantaneously such as the onboard ^"^^^m*. andtherelore electrode materials 

;ris£^ 

bite^the^ 

size of the pores formed in the electrode material. caDaC itors of organic solvent base that utilize ammo- 

[001 1] in those that are referred to as the e.ectnc double Ur/arapae rton ; rg ^ ^ ^ g pore 

nium ion. phosphonium ion or the like, among tine J^J^ AlsQ jn . wate , bas ed electric double 
diameter of 2 nm or larger in the electrode mat ana cent bu e pores having a pore diameters of 2 nm or 

sss^ ^pa^i -sst - — — - * is expected that exce,,ent ma " 
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Srien using a .eta, supping activated ^^^^^^^^ 
[ transition meta. compound in an act ^ «^ *^ n ^^^tit is present in the activated 
electric double layer is taken into the trans.t.on metal or trans* »" J^' case jn whicn tne electric double 

carbon, and therefore greater amount o ™^£?^£ZZ£Z a p0 re diameter within a range of X±«x 
,ayer is used individually. Thus an act.vated carbon to*^****^^* 1 5 „ /o or more of the tota | volume 
nm (3.0 S X < 1 0, « , 1 .0; range of pore s.ze ^^^^^^Ll^ 0.01 to 50% by weight of a 

^oT'The thickness oftheelectricdoub^ 

n an electrode material is believed to be about "^Smce he pore «m Qf ^ pQres 

the electric double .ayer evenly on the .nner surface a ™ suited for use as an ele ctrode material for 

consist mainly of micropores having a pore d.ameter of 2 nm or ^noU ^ ^ 

,arge capacitance and large current d^harge « ^^of migration of the e.ectro.yte ions generated 

pound on the conventional activated carbon o ^J^™££tZZ£ evenly over the inner surface thereof, 
nm or loss, doos not have such pores as the and therefore the activated carbon ..of 

and the speed of the electrolyte ,ons o m.grate m * e ^^ t ^2on metal or transition metal compound and 
the prior art is not capable of storing a large activated cartoon that supports 

^rarhi.e.metal-halogenbaneriesf. 

he reason of such excel.ent features thereof as the ^ bee^controHed due to the liquid 

abundance at low cost, theoretical energy ^^^SaJLTlSSSnr with aqueous so.ution which operates 
circulating operation, and maintenance wort ^'^J^^^^^kJ'terth. surface treating material 
at a low temperature, an activated carbon has been jammed as a prom g ^ yse of 

of the positive electrode of these battenes. Hoover seve J^JJJJ J^. consisting mainly G f mesopores having 
such a battery. Among others, rt • an ^"'° a ' ^ a ^e elec rode material for the positive electrode. 

« - d h ° W effiCie " t,y ^ redUCm9 re3Cti0n ° f 

o-2t^ — camonaceous 

£Tby^^ 

oxidizing agent to hydrophilize the f.bers, support mg ^'^ e ™ „ from 1 .5 to 1 5 nm are formed, the volume 
treatment. With this method, although pores having ^te j ^n a rangefr ^ ^ distrjbutjon) does 

of pores having a pore diameter within a range of X ± °™^™ = * a diarneter within a range from 2.0 to 50 
not account for 15% or more of the total volume of, Sucn a carbon mater ia. has such draw- 
nm , and microscopic structure of the cartoon mat ^^2^^ of the pores are those having diameters 

rrrxs ss r s rior^ jlu - — - - - - 

SS? Unexamined Patent Pub.ication (Kokai) No. Hei £~ 

made from protein, sludge or waste including prote.n or *™ at <*™*°™™ dimply carbonized, or an activation 
the materia, contains a large amount of g« oxygen etc.. th'e pore diameter is not strictly 

treatment is carried out only by means of steam . carbon d,ox.de gas. oxyge 
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controlled. Further, because or the low impurity of - carbon, the — has ,ow e.ectrica, conductivity and Is no* 

ictivaled carbon by subjecting a ^*£*^^^^J£^ a materia, that includes pores having 
zation or activation treatment. According to tNs method here cou.d ^ ^ Qf whfch vo(ume 

a pore diameter within a range of X±a nm (3.0 = X < io .a • , a ^ ffom g Q tQ 5Q nm 

caoacitor disclosed in Unexamined Patent Publication (Koka.) no. r le activat ed carbon, but are not an 

trSion meta. or a transition meta, compound to a ^--Jj^ ^ nm s x < 10 . « = 1 .0; range 
electrode materia, that includes pores having a pore '«^J^e Q f the total volume of mesopores having a pore 
of pore size distribution) of which volume ^^^^^^i materia, for large capacitance and .arge 
diameter within a range from 2.0 to 50 nm. £»^^%2£Zm or transition meta. compound is bonded 
current discharge. Moreover, ^^^J^^^r^ described in the pub.ication mentioned 
to the porous carbonaceous materia, such as witn a high concentration solution of the tran- 

above, when the porous carbonaceous m aten a ^sbrou «£™ ^ metafcompound cannot be dispersed suf- 
sition metal or transition metal compound, the transit ^n meta or tra Thjs ieads tQ such prob|ems 

material for the electric double layer capacitor. mpthods of forming pores in the mesoscopio range, there 

10021] As described above, according to the ™J a pore diameter within a range of X * a 
have never been obtained an electrode matenal that ^^^^J^^to^^rnorecft^tcM^umB 
nm (3.0 ^ X < 1 0. « = 1 .0; range of pore size dMubon) of wh« ^ume acc ^ ^ ^ ^ ^ 

of mesopores having a pore diameter within a an electrode material that includes pores having a 

not been achieved. Accordingly there has neverbeen obta.ned an e.e ^ Qf wWch volume 

pore diameter within a range of X ± o nm ^3.0 = X < : , a - ^ . a ^ a rgnge f ^ 2 Q to 50 

accounts for 1 5% or more of the tola volume of mesopo « J"J*£P The nt invention has been made to solve 
on which the transition metal ortmns^ 

the problems described above, and an objetf thereof .s to provide . ar , el ^ ^ Qf whjch vo , ume 

pore diameter within a range of X ± a nm (3.0 = X < 10, a - i. . a ter witnin a range from 2.0 to 50 nm, 

accounts for 1 5% or more of the total volume of m ^°^^J^ r Xra^ having a diffraction peak originated 
while having pore size distribution with the — va ^££It of the transMon meta. or transition metal 
in a graphite crystal in X-ray diffraction and C « S ^ 



DISCLOSURE OF THE INVENTION 



5 



UlOULUOUnc ii.*-. 

[0 02 2] Thepresentinvento^have^ 

o obtlin an electrode materia, that ^ more of the tota, vo.ume of mesopores 

= 1 .0; range of pore size distribution) oft ^™ J £ °one transition meta. or at least one transition 

having a pore diameter within a range from 2.0 to 50 nm ^"J™J" fo|loweQ by carbonization in a non-ox.d.z.ng 
metal compound to a carbon materia, and/or a carbon matenal P^J^J, J tiyan 600 -C, thus comp.eting the 
atmosphere or activation in a slight* oxidizing 

present invention. Also the presentrnveoto™ \^^^^^ mratition peak originated in a graphite crysta. 

ba° y f s^r:^^ 

a range of X ± a nm (3.0 S X < 1 0. a - 1 .0; ^^^^1 2.0 to 50 nm. The present invention also 
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[0024] While the mechanism of forming the mesopores in ™«* trans i tion met al is once destroyed by the 

Ln elucidated, it is presumed that the between the activation gas and 

catalyst action of the transition metal during trea^nen and fte ate o ^ ^ ^ ^^.^ 

the carbon increases significantly lead.ng to a oondton «* » of mesopores. Size of the mesopores 

expansion '"^edt^z^ ZSSSSSSm fomin of graphite c^sta, is aiso 
2^JSr of the atoms during formation of the mesopores. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0 0 25] Pi9.1isagraphshowingtheporesizedi_ 

Fig. 2 is a graph showing the pore size d ^ b *™J^ 4 is a graph showing the pore 

snowing the pore size distribution of sample 27 ^^^^'^^ lowing the pore size distribution 
size distribution of a sample 28 according diffraction pattern of samples 

of a sample 30 according to the present invention .Rg. 6 * a graph *J™ 9 J e|ectrjc double layer 

26. 27. 28 and 30 according to the P-s-unven^n. ^J^^ o{ lne e Ltric doubie layer capacitor 
capacitor according to the present invention. F j 8 « an ^^ mateT J according to the present invention. Fig. 

of the electrode material according to the present ,nven ''°". , 2 denotes a current collector, 3 denotes 

BEST MODE FOR CARRYING OUT THE INVENTION £ 

capable of quickly adsorb and desorb ions of electrolyte an volume of pores having a pore 

diameter within a range of X ± a nm (3.0 = x < i u, a .u. a k preferably within a range 

from 0.010 to 0.50 cm3/g. more preferab y wrthm a grange <™™*™^™ n '°£ 0 cm 3 /g P the adsorption capacity 
from 0.10 to 0.50 cm3/g. In <^ a ^^ is not desirable. The volume of pores in 

for the electrolyte ions decreases and the capacit a «a«o«* L esoDO res having a pore diameter within a range from 
this range also accounts for 15% o, f more of the ota ^^S^»f*i the vo.ume of pores in this 

2.0 to 50 nm, preferably accounts for 20 to 95 A ^nd more pre y wjthjn g r& from 2 Q tQ 

range accounts for less than 1 5% of the total volume of ^^ ^^s decrease, which is not desirable. 
50 nm, the capacitance and adsorption/desorphon rate ^^^^^^ (ea ures described above, a dif- 
[0028] The electrode material of the present ,nven ion also has in jwMflion to me ^ pattern 

Ltion peak originated in the plane (002) ^^^^^Z Z aL characterized preferably in that a 

an improvement in the crystallin.ty. im Dr oved making a contribution to the reduction of internal 

of pore size distribution, electrical conductivity ^J^"^ invention is preferab* 90% by weight or more, 
[0030] The carbon content of the electrode ma ena oHh more. WhenThe carbon content is 90% 

more preferably 93% by weight or more, and most preferab. £6 ;A by g ^ capacjtance and , 
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pound in the amount within a range from 00 £ ^TJ^^^n meta. 

preferably 1 to 10% by weight based on the ^^^^^S^cmiM be incorporated, thus making it 
compound is .ess than 0.01% by we.gh , a suffoen amount * ^ °^ content of the transit i on metal or 

impo P ssibie to obtain an ^by 5 t^poS and mesopores o, the activated carbon are 

transition metal compound » greater than 50 * ^^™'"\ . J aving a large capacitance, 
clogged thus making it impossible to forms such as powder, granule, cy.inder, 

[0032] The electrode material of the present .nvent.on <™ beusea in va ^ condjtjon q{ usq |n 

Lpheri, crushed pieces, porous block and ^"JJ"^^ otJoO um, preferably from 1 .0 to 1 00 urn, 
bngXmT^ 

cm3 or preferably from 0.8 to 1 .8 gfcrri>. J^L^ present inven tion is preferably within a range from 

o the method of the present invention, the electrode -atena. can be Pj^^Jil precursor, and carbonating in a 
or at .east one transition meta. compound to a ^^T^^^^J^ of 600»C or higher. The 

is,not limited, but may be smaller than 30 rrttg. he electrode material of the present invention is 

resin, melamine resin, urea resin and fu ran resin are resin other special phenolic resin and modified 
10037] Phenolic resins are roughly divided ^^T^^^J^ made by reacting melamine with 
phenolic resins. A melamine res,n is a transparent and la torless wat« so transparent an d colorless water- 

aldehyde, normal.y formaldehyde. ^^ZSSlX^S^ ° an acidiC cat3,ySt ° r 3 baSiC A 

ri^n^^ 

eT of S-SSS ease o, coning the pores, and particular^ 

granular phenolic resin described below is most V**^ patent Publica tion (Kokoku) No. Sho 62-30210 or 

?0039] The granular phenolic resm .s as ^S^^^?^ containing a condensate of phenol and 
Examined Patent Publication (Kokoku) No S ^^"^^^Xies the following conditions is particularly pref- 
aldehyde as principal component. A ^"^P^^TI^ a range from 0.1 to 1 50 urn and secondary coagu.ate 
erable: (A) spherical primary particles of a P^^S^^SLm of particles that can pass a sieve of mesh 

frPP ohenol content is 100 ppm or lower as measured by liquid c ™ omal ° g P * 

in the present invention is not spe- 

[0040] Although the ion exchange resin as the carbon ™^ P^J^g acjd cation excnange resin containing a 
cifically limited, there can be used a gel, P omu \ 0 ^f^l^ Xe ^ prepaTe 6 by imparting a functional group 
styrene-divinylbenzene as a base, or a porous o^h-poro^ "^STo* group dithiocarbamide group, oxime group 
such as iminodiacetic group, polyam.ne group, am.no group, phosphonc g p. 
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of 600°C or higher. transition metal compound is preferably metal powder or one or 

[00 43] At least one transition metal hydroxide of a metal. In case the metal 

more kinds of nitrate, acetate, suf ate, ^^^^J^^My consists of particles that can pass a s.eve 
is in powdered form, at least 95% by we.ght of the total amount prere y ^ q{ njlrate 

of mesh size 150 um. and more preferably the ffT^XiSSTS^ mU^ I may be in the form of an 
acetate, sulfate, carbonate, bromide, ch.or.de, ox,de and hydro* — appropria te concentration that allows 

zzs^ m ££tt ~ d ™- 8UCh — meta,s as cu ' Co ' " T " " Mn 

material precursor according to the present m ^0" may be J^Si„Ll«tal or the carbon material precursor, 
powder may be simp.y mixed with a f^^^^^^ST* solution of polar solvent such as methanol 
in the case of a compound of the transtbon metal an ^^T^^^ ma terialorthe carbon material precursor 
of a predetermined '^^^^^^^^S^ by weight of the solution of a low con- 
and mixed therewith. Addmon may be aI pre cursor which is then mixed in a state of slurry, 

centration in proportion to the carbon matenal or _the "J^J^^^ trea tment, or by adding 5 to 1 00 parts 
dried so as to remove the solvent, and wt ^J^^^ t ^ precurs0 r which is then kneaded and mixed ,n 
by weight of the solution to the carbon matenal w J^^^^ toiaM or activation treatment, 
a state of paste, dried so as to remove the solvent, ^subjected ° prede termined amount of the powder 

[0045] in case each metal powder is added to the carbon "T^^^ „ added , such an amount of the 
s simply mixed with the carbon material P?^^^^JSto«ont^h proportion to the carbon 
metallic compound is added as a predetermmed amount o *e frans mo ^ ^ ^ Qr metnanol> 

materia, precursor. .„ case the carbon "^^^^^^^ as methanol, which is then mixed 

ent 1—. r .e — 
carbon materia, or the carbon matenal precursor l^ ^!, n 0 und is firmV embedded in the carbon skeleton 
believed that a., or part of the transition metal , ,r trans, ^^^^S^tM compound supported on the 
of the activated carbon, unlike the case of hav.ng the trans* on mexai transition metal compound 

activated carbon through adsorption. As a « ^f^^JJ^ use as the electrode material. In case 

hardly occurs even when the activated carbon . J^^JEJSaTmi-W after removing the transition metal or 
the elution becomes a problem, ,t .s prefe rabte to^ ^ e process t0 be described later, 

transition metal compound that is expected tc eas.* *J by* *£™ J£ ^ according t0 the present Invention 
[0047] Methods of adding the trans.t.on metal a solution including the transition meta, ions ,s 

p^tS^ 

h-X^ZtlZ 7^"«~^ — - a *- amount of the 

transition metal can be supported on the resin ^ZtTteZ^ either by carbonizing the carbon materia, or 
[0048] The electrode matenal of the present 'nventton can be proau y ^ compound added 

L carbon material precursor having ^""^^^V^. preferably within a range from 700 to 
thereto in a non-oxidizing atmosphere at a ^ activating in s , ight i y oxidizing atmosphere at a tem- 

, 2000'C, more preferably within a range ^™^%^£S£Z, more preferably within a range from 800 
perature of 600'C or higher, preferably wthin a ^ge from 7 ° l ° ^ ' temperature is lower than 600'C, forma- 
te 1200-C. after the completion of the ^"^^^^^^t^oJblB to obtain electrode material that 
tion of pores by the transition meta. does not proceed thereby making * ^ Qf pQre size distribution) 

includes pores having a pore diameter within a rang of X ± «nm < 3 * " ' navj a pore diame ter within a range 

o of which volume accounts for 1 5% or more of the total volume o r mes p ^ suffjcient|y the 

from 2.0 to 50 nm. Also because the material is n^X2SS£ are Z insufficient. When this materia, is 
metrical conductivity is low while heat \ es ^ u ^^^Z capaC ity to adsorb electrolyte ions and ad- 
used as the electrode materia, of ^^J^^S^S^ not suitab.e for discharging .arge current, 
sorption/desorption rate are low, result.ng in small «prtin*«n heiium hydmgen or 

; 5 [0049] The non-oxidizing atmosphere refers to an M^M ™J?££L. The slightly oxidizing atmosphere 
carbon monoxide in the fonrn of gas, with •^^SL^^^^m components, while an atmosphere 
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^.though there is no nation to the heating !»JSSS5S5 
carbonization and activation treatments ^ 

within a range from 1 0 to 300 "C/H. The atmosphere in wh ^ h J^*^ Z a „' determined by giving consideration to the type 
rempe ra ture%ndthem precursor, pore structure of 

and pore structure of the carbon , matenal, J pe «£ch«a«^ ^ ^ temperature jn Qrder form 

the target electrode material and other factors^ is «^ smal| d6C reases the volume of pores 

pores although excessively high maximum temperature makes tne pore 

thus leading to undesirable electrode iMrMa. ,„ the electrode material that 

[0051] While it is preferable to control, as required, the content °r " e t of the transiti on metal is 

s produced through the camoniz^ 

achieved by combining neutralization with "J^^J^Swe acid, dilute nitric acid or the like. De- 
water, distilled water and ultra pure water, after ^^toSrtS on the transition metal that is contained, thus 
composition of the electrolytic ^"^^'^S^^ura of the capacitor because of the gener- 
,eading to deterioration of cycle charactenst.c due to mmMd inner p washjng 
ation of decomposition gas. In order to preven « as powder, granule, crushed pieces, 
[0052] The electrode materia, of the present invention « in va ous to h ft fange of ^ nm (3 . 0 s 

cylinder, sphere, porous block or sheet, and include ipon» JhW a pore ^ ^ ^ ^ vQ|ume q[ 

X < 10, a = 1.0; range of pore size d*tnbut,on) * ^ electrode materia, has a maximum value 

m esopores having a pore diameter within a to 50 A ^ ^ ^ graphjte ^ jn x . 

of the pore size distribution in the range descnbed above and a diff a P ^ ^ com pound. 

ray diffraction, and a.so contains 0.01 to 50% br - ^JSS*.. .ayer capacitor that emp.oy the e.ectrode 
[0053] The present invention also provides a battery and a in elecmc a y 1 ^ & 

materia, described above. The electric double ^^^'^Zftwo polar electrodes and a separator 3 

s::^ so,ution ' whi,e a p,ura,ity of the units 

are connected in parallel or in series as required. electrolysis, while porous sheet or nonwoven 

,or example, there een be used L,BF 4 . JJsNBFj. ^on eeeeoet e„e. i Is neceSsary le pay special ettenlien .0 

« nm (3.0 § X < 1 0. a = 1 .0; range of pore s.ze d.stnbut.on) o fw ic rv vo maX imum value of the pore 

loL of mesopores having a pore diameter w « hl "% r ^^ crysta. in X-ray diffraction, 

size distribution in the range described above and a compound. Therefore, the e.ectrode 

and also contains 0.01 to 50% by weight of the "^^ZS^SS U organic compound and inorganic corn- 
material has high adsorption/desorption rate and ^^^^^^^^ size being formed through sol- 
pound, and particularly for the aggregates ol electrolyte «nj ^iS^e^-cwd. materia, makes it possib.e to 
vation of these substances. A.so because of ^J^^^^Z electrode material of the electric double 

^^ZX^Z^^^^ — - - —~ material of the e,ectric doub,e 

y a_. i i Motion; nr thP like. 



layei udpaww., ■ ^ 

layer capacitor, metal -halogen battery or the like 

(Measurement method) 



[005 7 ] Pores of porous materials such as carbon and ^^J^J^Xi — 
methods and mercury penetration method, which are ^^S^^2>t^m«.rtai of the present invention 
Details of the measurement method and analys.s w.ll be described plater The e ^ ^ ^ 

includes pores having a pore diameter w,th.n a range of X ± a nm (3* « * • diameter within a range 

of which vo.ume accounts for 1 5% or more of the total ^^3ST. W ^ ° 7 <° 50nm inC,Udin9 the 
from 2.0 to 50 nm, while the vo.ume of P^^^^^^tn^J^ the ..quid nftrogen temperature, 
range described above is usually analyzed by nneans ,o nitrogen adso* ^ Qf ^ present jnvent(0n 

[0058] Pore size distribution, pore volume and specific surface area oi me 
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adaocp.ioh meaa 0 r,na '"S«™nl8E 1SORP26 1™"*'" ^ llmor ,. He afs method. According to this method, the 

^d^:"*.™, edsoapd.n/desonp.on catve do the asaamphoh Odd. the 

5 pores have a cylindrical shape. 

[0059] The procedure will be briefly described below. 

1) Measurement of pore size distribution and pore volume 

to [0060] The diameter of a cylindrical pore is given by equation (1 ). 

0) 



rp = t + rk 



,a athete rp * . -adipe 0. pore. * » a dote tadida 0. the metttsoaa, add , is a thfcKhdas o, tde edsotded tayet dttde, the 
EST™ ettdKrtees ot the adaothed tay.t .a determta.d doth ,-ptd. o, a ataadatd damp* and the radtua o, ddte ,s 
determined from Kelvin's equation (2). 

(2) 

20 In (p/pO) = - (2vVL/rm RT)cosO 

SSSSsksssk f 

rk (nm) = 0.4078/log(p0/p) (3) 

[0063, The pore s*e distribution and the volume o, pores having a pore diameter within a range from 2.0 to 50 nm 
were determined by the methods described above. 

35 2) Measurement of specific surface area 

[00,4, Measarem.nta o, ah taothetma, nitrogen 

p/v(pO-p) = (1/vmC) + {(C-1 )/vmC}(p/p0) * 

(5) 



25 



30 



45 



50 



S = vm ■ cN 



„„„e P , -a epeitihrtam preaaore. po ,s a date rated '^^liZSTRtSSSZS'JSSS 
nressure D. vm is an amount of mono molecular layer adsorpt.on, C ,s a constant. * 



pressure p, vm is an 
is a monomolecule-occupied area of nitrogen 



3) X-ray diffraction measurement with Cu-Ka line 
55 for the bulb and a graphite monochrometer. 
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4) CHN elemental analysis 
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^■^^^^~Z^l^ - g aaJU, as - ,»,a, — 

which is set to 100%. 

5) Measurement of concentration of transition metai or transition metal compound 

[0 06 7] About 1 g of a sample, that has been ^^^^^^^^ 
platinum crucible, heated at 700°C for two hours, thereby tur m to ash ^ h ' c js added t0 the sample , 

about 1 to 2 ml of hydrofluoric acid. Before the sample «^«™™ has reduced to about 1/3, ultra pure 

which is then diluted 7 to 8 times with ultra ^2X2™ * ultra pure water added to make 
water is added again. After adding abou 1 . -nl of n*nc of the samples. The determination 

50 ml. A blank is made in the same ' operajon to. correct he resuHs of m ' ana „ using a dual m0 nochro- 

was carried out using the solufon desc ^^^^SSStV Hitachi Limited, 
matic ICP emission spectrophotometer, model P-5200, manuiaciurea y 

6) Measurement of capacitance 
©Evaluation using aqueous electrolyte 

A voltage of 0.9 V was applied between both electrodes of the electric ^oou a y constantcurrent of 100 pA, and the 
lh the'constant voltage for 6 hours. Then ^^^^Z^ *• voltage to decrease 

capacitance of the electric double la y%^ ac ^^ c Zwe .Te capacitor and the weight of one set of po.ar 

rtrod^™^ 

cycles was evaluated by repeating this measurement. 
©Evaluation using organic electrolyte 
M ^capa^...^^^^ 

evaluated by repeating this measurement. 
40 7) Measurement of changing rate of capacitance 

m THa capaCane. was to » ££££ ^25X£S25 

« (AC) was calculated by the following equation. 

AC=(C 1000 -C 100 VC 100 x 100 

50 pan, Th efo,,owingExamplesfu«^^ 
by these Examples. 



30 



35 



55 



10 



30Ctt> <EP HI5130A1J_> 



EP 1 115 130 A1 



[EXAMPLES] 

(Production of electrode material of the present invention) 
5 [Example 1] 



w 
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35 



SwWng fine particles of carbon having a specific surface area of 1500 m^/g as *e raw material he same 

mmsmmm 

havinaa Dore diameter within a range of X±a nm (3.0 s x< io. a- i«»"y»« k 



described above. 
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!»l A diffraction peak oHginatad in . graphs,,, i, afao nP^.dA £££ ™ 
maJak thai ha.s such paras thai ara possassad by an a lad ^ ™£ „„"„ .urtaae 

=a.rent<« S dhar 9 a.nam..,p*rasafdiarn^^^ 

tZ^~J^^^^^^^^ • — -* — - 

in a graphite crystal is not observed activated sample 13 with excessive Co content 

not observed. i„r«« n nra diameters enouqh to form an electric 

10079] Accordingly, these samples do not include pores having, ' 'W^S'SS * n ° J suffjcient pore 
double layer evenly over the inner surface of the pores, and do not ^fj^*^ of electrolyte ions formed 
diameter for allowing the organic compound and inorganic compound or the aggregates o 

through solvation of these substances to move easily in the pores examples. The pore diameter 

[0080] Fig. 1 shows pore size distributions of the carbomzed samples 1 2 3 and 5 »«^ e P As js 

dfameter range of X ± a nm (3.0 S X < 1 0. a - 1 .0. range of pore s,ze d.stribut,on). 
[Example 2] 

t 0081] To 100 parts by weight of granular phenolic resin similar 

chloride of which concentration was contro.ied tc , conta.r ,5 parts ^^^^rtS^lrW was heated to a 
mixing in a mixer and further drying in an atmosphere at ™ C tor24 hours me After activating 

predetermined temperature at a rate of 50'C/hour m a "^•^5^^'^^,, the material was coo.ed 
at this temperature for one hour in an atmosphere of a mixed 9»<^j£ ?f 5o«C (activated sample 1 5) and 
to make a sample activated at 400*C (activated sample ^'^^^^Sii temperature at a rate of 
a sample activated at 700'C (activated 

50°C/ hour in a nitrogen gas atmosphere, and holding 2l^K^7<ai^bed sample 1 8) were made. The samples 
a,550°C(camonizedsamp.e17)andasamp.e^ resjdua , Co and 

were washed well with dilute nitnc acid, deionized water and distilled water 

then dried at 115°C for three hours. measured similarly to Example 1 . The 

[0 082] Physical properties of the ^^^^^^^e^X was actuated at 700-C and 
results are shown in Table 2. As is ^parent from Table 2 J»J c ™iSJte« maximum values of specific pore 
the carbonized samples 3. 18carbon,zed at 1 0OOJC and 1 500 C. raspe^vely. J* distribution), and 

size distribution within a pore diameter range of X±o nm (3.0 S ^J°'^~' °' ^ a grap hite crystals is observed, 
values of Vl /V 0 within a range from 20 to 56%. Also the d.ffract on peak ha t are possessed by an electrode 

[0083] According.y,thesesamplesareelectrodematenalstha,,nclu^ 

=^=n^^^ - ~ * • — 

crystal in X-ray diffraction. activated at 400°C and «50°C. respectively, and 

[0084] It is found that, in the activated samples 1 4 1 5 that were activated at «u treatment 

?08TAccording,y, these samples do not indude 

double layer to be formed evenly overthe inner surface of the po ot_ nC '"° e Qf etectrolyte ions formed 

diameters for allowing organic electrolyte ions and inorganic electrolyte ions orthe aggregates elect yx 
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through solvation of these substances to move easily in the pores. 
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were used in the measurement of pore diameter and the X-ray diffract.on analys.s. 
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grange Phaaolic rasin with ferric chloride added ^ l "^^^£££ , p 0M diamara, wi.hin a rang. 

of X ± a nm (3.0 § X < 10. a - 1 .0, range oi pore » maximum values of pore 

tota. volume of mesopores having a ' P^^^^i^^X^in^^ ^ sta,s are observed 
size distribution in the range described above. Also ^^T^^^ tha ? are possessed by an electrode 
[0 089] Accordingly, this sample is an electrode mate .at P™« °* diameters 
material which has large capacitance and is suited ^^^^^SSSl the pores having sufficient 
for forming electric double layer evenly over the ^^^J^'^^ 0 f electrolyte ions formed 

r U9 h^^ - originated in a graphite 

crystal in X-ray diffraction. 
[Comparative Example 1] 

M ^anularp^raaiacBallp..™^ 

was haarad to a pradatarmrnad tarnpara.ara at a raB of 30 "^'"^ 9 = „ , „ cmontzaa 
Sumac* Attar holding this Mmpura.ur. lor 5 J™» « '"^ao aMOuO -C (comparaliva camoUK.d aamp.a 

measured similarly to Example 1 . The results are shown in Table 4^ ^ ^ Q Q2Q 

[0091] As is apparent from Table 4, the comparative ca * on ' Z fl e ^ a 7 P '^ j f a ^ fro P m 2 . 0 to 50 nm, indicating that 
om3/g and 0.01 0 cm3/g, respectively, for pores haying a pore amete range of X ± a nm (3.0 S X 
mesopores are hardly formed. Also the volume of F«>hM« ^^ie 51, vo lume of mesopores having a 
< 10, a = 1.0, range of pore size distribute) accounts to ^^.^^J^ ze distri bution was not observed 
pore diameter within a range from 2.0 to 50 nm, and a va | ues of specific surface 

m the range described above. While the oomparative activated I samples M^JJJd pore diameter of 0.8 nm. 
area, well developed micropores and a maximum value of *^™"XZ?El S X < iS. a - 1 .0. range of pore 
though me volume of pores having a r^^^^SS Isopo^res hav^ng'a pore diameter within a range 
size distribution) accounts for less than 1 5% of the ^S"^ 8 ^ obirved in the range described above, 
from 2.0 to 50 nm, and a maximum value of the pore ^^Too^^^T^ ^eier within a range of X ± 
Thus it was found that an electrode material, where the volume ofpoM imep. mesopores 
a nm (3.0 * X < 10. « - 1 .0. range of pore £ ^iZ^e^^e samples 20 to 23 

having a pore diameter within a range from 2.0 to 5 nm could ^JT^^^^^^^^Myed. 

substances to move easily in the pores. 
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[Example 4] 

rO0931 Coconut shell charcoal in the formed of crushed pieces or cylinder that were commercially available : cokes 
and phenol resin charcoal, each in the amount of 100 parts by weight, were immersed .n an aqueous soluton of 
loLer chloride and the amount of the additive was controlled so as to make the Cu content 2 parts by rw«ght The 
materJ^werTdried in an atmosphere at 110»C for 24 hours. The dried materials were heated to 900-C at a rate of 
^ShlurTa nlgen gas atmosphere in an electricfu 

slptes 24 and canWzed samples 25 originating from the coconut shell charcoal, cokes and phenol.c resm charcoal 
asThe starting materials were made. Part of the samp.es were washed with di.ute nitric acid <^ <^u^ 
waler to remove residual Cu. Physical properties of the samples thus obtained were measured s.m.larly to Example 
1 Physical properties of the materials and the carbonized samples 24, 25 are shown .n Table 5. 

0094] As's apparent from Table 5, electrode materials that include pores having a pore d.ameter w.th.n a range o 
X ± a nm (3 0 * X < 1 0, a = 1 0, range of pore size distribution) of which volume accounts for 15% or more of the total 

oLle of mesopores having a porediameter within a range from 2.0 to 50 nm, could be made w,th the samples 24, 
25 of different starting materials. Also diffraction peak originated in a graphite crystal was observed. 
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10095] Accordingly, these samples are electrode materials that include such pores that are possessed by an electrode 
materia, that has large capacitance and is suited for large current discharge, namely pores of d.ame ers large enough 
Tatw an electric double layer to be formed evenly over the inner surface of the pores, w.th ^ * *^JJ^ 
sufficient diameters for allowing organic electrolyte ions, inorganic electrolyte ions or electrolyte ,ons forrnec I trough 
solvairon of these substances to move easily in the pores, and has diffraction peak ongmated in a graphite crystal in 
X-ray diffraction. 

[Example 5] 

ro0961 1 0 mow of an aqueous solution of nickel chloride was passed through a column filled with chelating resin 
CR 11 manullred by Mitsubishi Chemicals) to exchange Nl»* ion, and then dried at 110'C for 1 2 hours The dried 
materia, was heated from the room temperature to a predetermined temperature at a rate of 5'C/hour in nitrogen gas 
Smosphere Then by ho.ding this temperature for three hours a sample carbonized at 400'C (carbomzed sample 26)^ 
a Tampte carbonized at 550<>C (carbonized sample 27), a sample carbonized at 700'C (carbomzed sample ,28)^ a 
sai ca^Tzed at 800°C (carbonized sample 29), and a sample carbonized at 900'C (carbomzed samp.eSO) were 
mlde Also the materia, was heated from the room temperature at a rate of 5-C/hour in an atmosphere of a m xed gas 
of carbon dioxide and nitrogen (1:1) and held at this temperature for one hour, thereby to make a samp.e actuated at 
700°C (activated sample 31 ) and a sample activated at 800'C (activated sample 32). 

raog^ Conditions of producing the samples, elements identified by X-ray diffraction, specific surface area pore .sue 
distribution pore volume and oLr properties are shown in Table 6, and examples of the pore size d.stnbut.on are 

shown in Fiqs. 2 to 5. An example of X-ray diffraction pattern is shown in Fig. 6. 

rooTsi As is apparent from Table 6, in the carbonized samples 26, 27 that were carbon.zed at temperatures tower 
Kan 600-C, a maximum value of the pore size distribution was located on the microscopic pore s.de a so in case the 
metal added was Ni, and that the volume of pores having a pore diameter withm a range of X ± a nm (3.0 a IX : < MO 
a 1 0 range of pore size distribution) accounts for less than 15% of the total volume of mesopores havmg a pore 
diameter Sa range from 2.0 to 50 nm, and a maximum value of the pore size distribution was not observed ,n the 
inge des'nbed above. This is supposedly because the formation of mesopores did not proceed due ^ the low car- 
bonizing temperatures. At carbonization temperature or activation temperature of 600-C or higher as ,n the cases of 
camonizedTamples 28, 29. 30 and the activated samples 31 , 32, a maximum value of the spec.hc pore s.ze ^nbution 
occurs abound pore diameter of 4 nm, and the pore volume shows a large value in a pore diameter range of X ± a nm 
occurs around pore ^ ^ ^ ^ ^ distribut ion), indicating that a specific pore size distribute .s formed. A.so 

the diffraction peak originated in a graphite crystal is observed. 

Io0991 Accordingly these samples are electrode materials which include such pores that are possessed by an etec- 
rod maS!2 arge capacitance and suited for large current discharge, namely which has pores of d.ameters 

Sge enough to allow an e.ectric double layer to be formed evenly over the inner surface of the pores w-th muchof 
he pores having sufficient diameters for allowing organic electrolyte ions, inorganic electrolyte .ons or the electrolyte 

lens forced Zugh solvation of these substances to move easily in the pores, and the diffract.on peak ongmated in 

a graphite crystal in X-ray diffraction. 
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(0,00, , ft. ana*s,s o, tha aiaman.s ,dan«,ad in * ^tiESSESS 
near 26-26- . in addi.ian .0 ma p.ak »1 Ni was "^ilaS graphi.lz.d alac.tada matnna.s . In 

tsmparaairas highsr than 600-C. Tlas ,nd,cala S "^^"E, „ » 1500-CIO 2000-C is ra- 

bonizing at a relatively low temperature around 700°C. 



[Example 6] 



u ~ .~ q u»^rp oroduced Fiq. 8 shows the structure of the 
[0101] Simple electric double layer capactors as shown m ,Fg J ^J^^. activated samp , es 12,16 
Lctric double .ayer capacitor in a sectional = The ca^n-zed ^^^^ Examples , six ki nds 

E5 ^2^^* a^eous solution of sulfuric acid of 30% by weight used as the e.ectro.ytic 

so.ution were mixed and subjected to impregnation * as a currant coLector 2. A silicone 
[0103] A platinum disk of 1 mm in thickness and 18 ^ ™ diarneter used as a spacer 4 was 

Lber diskof 0.5 mm in thickness, 3 mm in inner d.ameter and 18 mm .n outer d ^ ^ 

pressed into contact with the current coliector 2 The hole of Mnm"^ impregnated with sulfuric acid, that 
"he platinum plate and the silicone rubber was prepared from each of the electrode 

was used as a polarizing e.ectrode. Two p.eces of the ' toe*** J P ,„ a djsk snape of 25 p.m 

materials 1 , and were disposed to face each other «**«*£Z£^ Then terminal p.ates 5 made of stain.ess 

of 10 kg was applied on the terminal P .a«es 5 made of ^^^^*2S2yt. were prepared by using the six 

K?- s^r^= rs=:.ta ~- ~ - 

o ba alea.rada matanals which hava ^*^<£2£^£Z^L*c. a! the pn.ss. and paras at 
trolyt. t« ants, th. par.a and lorn an akKtnc ' y ~ a „ a L,. 10re hava larga valuas alaapacltanca. 

J^^^^ tl ^^T£Tr^S^^Sran that w.tamada in Examplas 1 to 5 
10106] Also ma sarbanizad aamplas 8, 28 and ma acbva ad la amplM iK ' discharge with a large 

prnved ta ba alac.toda mateb.ls mat hava .mall r*angrn >T^STSZ^«<« «» a'ac.tada rrr.t.nals at tha 

sss h^patrsnir^^t^rjs. - » — — -~ - 

rotorr^^ 
bat^rm?^^ 

do not have large values of capacitance. 
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oUuSn. diameters for ai.or.ing sulfate ions to move easily in me pores. 



[Example 7] 
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[0 109, The carbonized samp.es 8, 28 and the activated -m P es 2, e ^ 

comparative samples 22, 23 made in the Co ^^ simi.ariy to the case of 

nitric acid, deionized water, distilled water and tta and **"^e J using these electrode materia.s. 80 parts of 
Example 6. Non-aqueous electric -double layer capac, ors were made by using KABUSHIKIKAISHA) as 

the ele'ctrode material, 1 0 parts of Denka Black (^actured ^^^Sj?ONT4l.iTSUI * LUOROCHEMI- 
a conductive materia, and 1 0 parts of fluorine res.n ^^^^SS having a diameter of 20 mm. These 
CALS) as a binder were mixed, and pressed to make and apropylene carbonate so .ution 

electrodes, PVDF sheet (manufactured by Ninon ^^^J^EIS^Sd S ™-» non-aqueous e.ectric 
(1 mol/1L) of tetra-ethylene ammonium boron tetrafluor.de as the electrolyte, were 
double layer capacitors. The construction is shown in F.g. 9. 
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Samples 
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l0110] The B, 28 «, ^^^^'iT. 

° be =l«arod« materials thai induce much pees ol such daaMm ftat a lo» t ^ ^ 

are therefore not capable of achieving a large capac.tance. 
TExample 8] 

[0112] 25gofsawdustofcedarwoodthathasbee^ 

of bamboo chips of 5 x 6 x 20 mm in size were "W^J^ 0 ™" j£ ied out of the aqueous solution 
the room temperature for 24 hours and the saw ^^^^Zie^s were carbonized at predetermined 
of the metal salt and dried at the SJ'cSS Th s saw dust sample carbonized at 400-C 

temperatures in nitrogen gas atmosphere for ^TAxSX lc ionized sample 34), saw dust sample carbomzed 
(carbonized sample 33), saw dust sample ca *°"' Z ^ sampte 36) and bamboo sample 

at 800°C (carbonized sample 35), bamboo sample <** on «®* * 5 50 C < was impregna t e d with aqueous solutions 
carbonized at 800'C (carbonized sample 37 ^^j^Z^SE^ iron late, at the room temperature 

cobalt nitrate sample (carbonized sample 40) were made. 
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rm 1 il The samples made as described above were measured for pore size distribution, volume of pores and X-ray 

X-ray diffraction. carbonized at 400°C or 550°C, pores are 

fraction peak originated in a graphite crystal was not observed ■ formalion of electric 

10116] According these samp.es do not 

double layer evenly over the inner surface of the pores, and do not ^nclude m p ^ 
enough to allow organic electrolyte ions, inorganic electrolyte .ons or the electrolyte 
these substances to move easily in the pores. 

[Comparative example 2] 

rot 171 25 o of saw dust of cedar wood ma. has bean slaved to have particle size. no. larger man 1 .0 mrnarrc 1 2S g 
SVJLfXa^ T. * 20 are, war. earned 

^sS^S^^ 

are shown in Table 10. .j Mmn ifle9A 9^ ?6 27 have the volume of pores 

[01181 As is apparan. from Table 10, We conap.ratrv. cart»,t, 2 e d samples 24 2S 26 » 

^ Too n o°™ase saefpl.s de no, incfode pores 0, " ^ -»~- ~ 

rrx^e^rstd^ 

40 substances to move easily in the pores. 
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[Example 9] 

[01 20] An aqueous solution of copper nitrate having concentration of 0.5 mol/l was passed, in an amount three times 
that of the ion exchange, through a column filled with an ion exchange resin (Duolite C-467, manufactured by Mitsubishi 

5 Chemical Inc.) to exchange copper ion and, after washing with water and natural drying, dried at 11 0°C for 12 hours. 
The dried material was heated from the room temperature to 800°C at a rate of 5°C/hour in nitrogen gas atmosphere. 
Then by holding this temperature for three hours, carbonized sample 41 was made. Further, part of the carbonized 
sample 41 was washed with 5M hydrochloric acid solution to have copper included in the carbonized material to elute, 
and then the material was boiled in deionized water to remove hydrochloric acid and copper ion from the carbonized 

10 material, thereby making carbonized sample 42. 

{0121] In a similar process, copper ion was exchanged by using aqueous solution of copper sulfate having -concen- 
tration of 0.5 mol/l. After washing with water and natural drying, the material was dried at 1 1 0°C for 1 2 hours. The dried 
material was heated from the room temperature to 800°C at a rate of 5°C/hour in a nitrogen gas atmosphere. Then 
after holding this temperature for three hours, activation was carried out in an atmosphere of a mixed gas of carbon 

is dioxide and nitrogen (1:1) for half an hour. Then the material was cooled to make activated sample 43. Further, part 
of the activated sample 43 was washed with 5M hydrochloric acid solution to have copper included in the activated 
material to elute, and then the material was boiled in deionized water to remove hydrochloric acid and copper ion from 
the activated material, thereby making activated sample 44. Further, part of the activated sample 44 was washed with 
5M hydrochloric acid solution again to have copper included in the activated material to elute, and then the material 

20 was boiled in deionized water to remove hydrochloric acid and copper ion from the activated material, thereby making 
activated sample 45 after washing more vigorously. 

[0122] The carbonized sample 41 , the carbonized sample 42, the activated sample 43, the activated sample 44 and 
the activated sample 45 were used as the electrode materials to obtain five kinds of aqueous electric double layer 
capacitor similarly to Example 6, and the capacitance thereof was measured. 20 cycles of charge and discharge op- 
25 erations were repeated to evaluate the cycle characteristic of each capacitor. 

[0123] Production conditions, specific surface area, pore size distribution, pore volume and other properties of the 
samples made as described above and the capacitance of the capacitor are shown in table 11 . Values of capacitance 
measured 20 times are shown in Table 12. 
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[01 24] Table 1 1 shows that the carbonized sample 41 , the carbonized sample 42, the activated sample 43, the ac- 
tivated sample 44 and the activated sample 45 include pores having a pore diameter within a range of X ± a nm (3.0 
s X < 10. a = 1 .0, range of pore size distribution) of which volume accounts for 15% or more of the total volume of 
mesopores having a pore diameter within a range from 2.0 to 50 nm. 
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{01 25] As is apparent from Table 1 1 , the carbonized sample 41 , the carbonized sample 42, the activated sample 43 
and the activated sample 44 include much pores having a large pore diameter enough to allow the sulfate ions which 
act as the electrolyte to enter the pores and form electric double layer evenly over the inner surface of the pores, and 
allow the ions to move easily in the pores, and are electrode materials that have very large capacitance because copper 
5 included therein also contributes to the energy storage. It is also found that stable capacitance is maintained through 
repetitive charge and discharge cycles, because the copper atoms are firmly secured in the carbon skeleton. 

[Example 10] 

10 [0126] To 100 parts by weight of a granular phenolic resin (Bellpearl R800, manufactured by Kanebo, Ltd.) having 
a mean particle size of 20 |im s an aqueous solution of copper chloride of which concentration was controlled to contain 
10 parts by weight of Cu was added, followed by sufficient mixing in a mixer and further drying in an atmosphere at 
110°C for 24 hours. The dried material was heated from the room temperature to 800°C at a rate of 5°C/hour in a 
nitrogen gas atmosphere. After holding this temperature for 3 hours, the material was cooled down to make carbonized 

is sample 46. Further, part of the carbonized sample 46 was washed with a 5M hydrochloric acid solution to have copper 
included in the carbonized material to elute, and then the material was boiled in deionized water to remove hydrochloric 
acid and copper ion from the carbonized material, thereby making carbonized sample 47. 

{0127] Further, to 1 00 parts by weight of a granular phenolic resin (Bellpearl R800 : manufactured by Kanebo, Ltd.) 
having mean particle size of 20 p.m, an aqueous solution of copper chloride of which concentration was controlled to 

20 contain 1 0 parts by weight of Cu was added, followed by sufficient mixing in a mixer and further drying in an atmosphere 
at 110*0 for 24 hours. The dried material was heated from the room temperature to 800°C at a rate of 5°C/hour in 
nitrogen gas atmosphere. After holding this temperature for 3 hours, the material was activated in an atmosphere of 
carbon dioxide and nitrogen (1:1) mixture gas for half an hour, and cooled down to make activated sample 48. Further, 
part of the activated sample 48 was washed with a 5M hydrochloric acid solution to have copper included in the activated 

25 material to eiute, and then the material was boiled in deionized water to remove hydrochloric acid and copper ion from 
the activated material, thereby making activated sample 49. 

[0128] The carbonized sample 46, the carbonized sample 47, the activated sample 48 and the activated sample 4g 
were used as the electrode materials to obtain four kinds of aqueous electric double layer capacitor similarly to Example 
9, and the capacitance thereof was measured. 20 cycles of charge and discharge operations were repeated to evaluate 

30 the cycle characteristic of each capacitor. 

[0129] Production conditions, specific surface area, pore size distribution, pore volume and other properties of the 
samples made as described above and the capacitance of the capacitor are shown in table 1 3. Values of capacitance 
measured 20 times are shown in Table 14. Table 13 shows that the carbonized sample 46, the carbonized sample 47, 
the activated sample 48 and the activated sample 49 have a pore diameter within a range of X ± a nm (3.0 ^ X < 10, 

35 a = 1 .0, range of pore size distribution) of which volume accounts for 15% or more of the total volume of mesopores 
having a pore diameter within a range from 2.0 to 50 nm. 

[0130] Accordingly, it is found that the carbonized sample 46, the carbonized sample 47, the activated sample 48 
and the activated sample 49 have much pores having a large pore diameter enough to allow the sulfate ions which act 
as the electrolyte to enter the pores and form electric double layer evenly over the inner surface of the pores, and allow 
40 the ions to move easily in the pores, and are electrode materials that have very large capacitance because copper 
included therein also contributes to the energy storage. It is also found that stable capacitance is maintained through 
repetitive charge and discharge cycles, because the copper atoms are firmly secured in the carbon skeleton. 
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[Fig. 1] 

APore volume/Alog pore diameter 
Pore diameter (nm) 
5 Carbonized samples 1,2,3 and 5 

[Fig- 2] 

APore volume/Alog pore diameter 
10 Pore diameter (nm) 

Carbonized sample 26 

[Fig. 3] 

15 APore volume/Alog pore diameter 

Pore diameter (nm) 
Carbonized sample 27 

[Fig. 4] 

20 

APore volume/Alog pore diameter 
Pore diameter (nm) 
Carbonized sample 28 

25 [Fig. 5] 

APore volume/Alog pore diameter 
Pore diameter (nm) 
Carbonized sample 30 

30 

[Fig. 6] 

Carbonized sample 30, 28 : 27 and 26 

Symbol • denotes a peak of Ni and symbol T denotes a peak of graphite. 

35 

Claims 

1 . An electrode material that includes pores having a pore diameter within a range of X ± a nm {3.0 ^ X < 10, a = 
40 1 .0; range of pore size distribution) of which volume accounts for 15% or more of the total volume of mesopores 

having a pore diameter within a range from 2.0 to 50 nm. 

2. An electrode material according to claim 1 , that has a maximum value of pore size distribution within a pore diameter 
range of X ± a nm (3.0 ^ X < 10, a = 1 .0; range of pore size distribution). 

45 

3. An electrode material according to claim 1 or 2 : that has a diffraction peak originated in a graphite crystal in X-ray 
diffraction. 

4. An electrode material according to any one of claims 1 to 3, that contains 0:01 to 50% by weight of a transition 
so metal or a transition metal compound. 

5. An electrode material according to claim 4, wherein said transition metal or transition metal compound is copper 
or a copper compound. 

55 6. A method of producing the electrode material of any one of claims 1 to 5, which comprises adding at least one 
transition metal or at least one transition metal compound to a carbon material or a carbon material precursor, and 
carbonating in a non-oxidizing atmosphere or activating in a slightly oxidizing atmosphere at a temperature of 
600°C or higher. 
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7. A method of producing the electrode material according to claim 6, wherein said carbon material is coconut shell 
charcoal, cokes, wooden charcoal, carbonized resin, bamboo charcoal, or a mixture thereof, and said carbon 
material precursor is coconut shell.. coal, lumber resin, bamboo, or a mixture thereof. 

8. A method of producing the electrode material according to claim 7, wherein said carbonized resin is a carbonized 
ion exchange resin, or said resin is an ion exchange resin. 

9. A method of producing the electrode material according to claim 7, wherein said carbonized resin is a carbonized 
phenolic resin, or said resin is a phenolic resin. 

10. A method of producing the electrode material according to any one of claims 6 to 9, wherein at least one transition 
metal or at least one transition metal compound is added in the amount of 0.01 to 100 parts by weight, in terms 
of transition metal, based on 100 parts by weight of said carbon material or carbon material precursor. 

1 1 . A method of producing the electrode material according to any one of claims 6 to 1 0, wherein said transition metal 
or transition metal compound is metal powder, nitrate, acetate, sulfate, carbonate, phosphate, bromide, chloride, 
phosphide, oxide, or hydroxide. 

12. A method of producing the electrode material according to any one of claims 6 to 1 1 , wherein said transition metal 
is copper, iron, cobalt, or nickel. 

13. A battery comprising the electrode material of any one of claims 1 to 5. 

14. An electric double layer capacitor comprising the electrode material of any one of claims 1 to 5. 
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[Fig. 1] 
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[Fig* 3} 
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[Fig. 4] 
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[Fig. 5] 
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[Fig. 6] 
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[Fig. 8] 
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